Abstract: This study examines the relationship between competitive advantage and the value relevance of accounting information. The advantage that a firm has over its competitors can be defined as its relative efficiency in transforming the performance of key success factors into the firm's profitability. We classify firm-year observations into lifecycle stages and measure the efficiency using data envelopment analysis (DEA) in each of the different lifecycle stages. Our results indicate that the efficiency has a positive relationship with the stock price of a firm and decreases (or increases) the value relevance of book value per share (BPS) (or earnings per share (EPS)). The current study captures a firm's competitive advantage by a single efficiency score and reveals that the efficiency has a positive impact on firm value.
Introduction
Research in strategic management has focused on finding attributes that enable a firm to outperform its competitors. The competitive advantage of a firm is affected by various factors, including cost structure, brand, loyalty, product quality, distribution channel and customer service. The sources of competitive advantage include multiple dimensions, and studies in strategic management focus most commonly on firms' financial performance (Chen et al., 2015) . Frontier methods, such as data envelopment analysis (DEA) and stochastic frontier analysis, have been designed to assess a firm's performance relative to the best performer. These methods summarise a firm's relative performance by a succinct efficiency score, which is calculated as the firm's distance from the efficient frontier in an industry. Until now, however, most studies in strategic management research have evaluated a firm's competitive advantage with profit measures such as return on assets (ROA) or sales revenue (Chen et al., 2015) . Firms formulate their business strategy to attain a competitive advantage in the marketplace. Black (1998) suggests that firms in the same lifecycle stage are more homogeneous across financial characteristics than a pooling of all firms. This paper assigns each sample firm to one of three lifecycle stages (Growth, Mature and Decline) following Anthony and Ramesh (1992) . We employ the DEA model to estimate the efficiency of different firms in different lifecycle stages. This paper uses DEA to evaluate a firm's competitive advantage and examines the relationship between competitive advantage and the value relevance of accounting information. Our sample consists of manufacturing firms listed on the Korean Stock Exchange over the period [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . The sample period includes the global financial crisis of 2008. Korea is one of the countries that were affected by the global financial crisis. The gross domestic product (GDP) in Korea was US$1123 billion in 2007, and it declined during the crisis to US$1002 billion and US$902 billion in 2008 and 2009, respectively. It rose to US$1094 billion in 2010 and started to recover from the crisis . We break the sample period down into three sub-periods: the pre-crisis (2002-2006), mid-crisis (2007-2009) and post-crisis (2010-2015) periods. Firms that adjust their organisational structures faster outperform other firms during a crisis period (Reinhard and Li, 2008) . Assuming that the role of competitive advantage may differ for normal and crisis periods, we test our hypothesis for both the full sample period and the three sub-periods.
If a firm outperforms its competitors in the marketplace, the firm's competitive advantage could have a positive effect on firm value. Based on the above, our research hypothesis is as follows: Competitive advantage is positively related to firm value and the value relevance of accounting information.
This paper contributes to the strategic management literature by measuring a firm's strategic performance using DEA and exploring the association between competitive advantage and the value relevance of accounting information.
Empirical analysis

Competitive advantage and key success factors
Competitive advantage is an attribute that enables a firm to generate more sales or superior margins than its competitors. One or more firms in an industry struggling to achieve competitive advantage relative to the majority of rivals (Porter, 1985) . According to Horngren et al.'s (2012) management accounting textbook, firms are increasingly applying the key success factors of cost and operating efficiency, quality, time and innovation to attain long-term financial sustainability.
Cost and operating efficiency: Low cost and high operating efficiency of performing activities in all value chain functions. Quality: Designing products or services to meet the needs of customers and making them with zero defects and minimal inventory.
Time: Faster customer-response time.
Innovation: Providing innovative and unique products and services.
The key success factors could be the source of a firm's competitive advantage. If a firm has the ability to produce quality products at a low cost, it can sell products at lower prices than its competition or generate larger margins on sales. If a firm has the ability to offer differentiated and innovative products that appeal to its customers, it can generate profits and growth by setting prices higher than those of the less-popular products of its competitors. Competitive advantage is important to managers seeking to increase the profitability of their firms (Porter, 1985) .
We define a firm's competitive advantage as its relative efficiency in transforming the performance of key success factors into the firm's profitability and try to capture a single measure of a competitive advantage using DEA.
DEA
In DEA, one of the frontier methodologies, a firm's performance is evaluated in terms of its distance from the efficient frontier. Chen et al. (2015) demonstrate that DEA is used to assess an individual firm's performance relative to the best performer in an industry and therefore well suited to measure the firm's competitive advantage. DEA has two orientations: input-oriented and output-oriented. The output-oriented model is used to test if a firm can increase its outputs while keeping the inputs at their current levels (Fare et al., 1994; Ryu and Won, 2017) . Our sample consists of for-profit firms that have typically attempted to increase profits at their given resource level. Accordingly, we select the output-oriented DEA model for this study. Charnes et al. (1978) suggested a DEA model assuming that a firm's production technology has constant returns-to-scale (CRS), which means that the marginal rate of transformation between inputs and outputs is constant. The CRS DEA model calculates the efficiency of a firm whose technical and scale efficiencies are combined into a single value, which is referred to as aggregate efficiency (AE). Banker et al. (1984) suggested the variable returns-to-scale (VRS) DEA model by adding a convexity constraint to the CRS DEA model and considered the scale-size effect. The efficiency calculated by Banker et al. (1984) permits the measure of technical efficiency (TE) devoid of the scale efficiency effect. We measure a firm's competitive advantage using both AE and TE.
Firm lifecycle
Companies formulate their business strategy to achieve competitive advantage or superiority in the marketplace. Black (1998) suggests that firms in the same lifecycle stage are more homogeneous across multiple financial characteristics than a pooling of all firms. Following Anthony and Ramesh (1992) , we classify firm-year observations into three lifecycle stages (Growth, Mature and Decline) using the following five descriptors commonly used in prior research on firm lifecycle: sales growth, change in capital expenditure, market-to-book ratio, change in a number of employees and retained earnings ratio.
Empirical estimation
This paper applies the Ohlson model (1995) for detecting the value relevance of competitive advantage and accounting information for the sample period. We adopt a two-stage approach to test our hypothesis. In the first stage, the CRS and VRS DEA models calculate efficiency scores of the firms in the sample. In the second stage, the efficiency scores obtained in the first stage are one of the explanatory variables in the regression analysis. Johnson and Kuosmanen (2012) show that the coefficient estimators remain statistically consistent when the first-stage input and output variables in DEA are correlated with the second-stage variables in the regression model. We estimate the following equation using the fixed-effect panel regression model.
where j denotes firms and t denotes years from 2002 to 2015. Price t and BPS t are stock price and book value per share (BPS) at the end of year t, respectively. EPS t is earnings per share (EPS) during year t. NEPS t is an asymmetric dummy variable that equals EPS t if EPS t is negative and 0 otherwise. ln(efficiency) is the natural logarithm of the efficiency score as a measure of competitive advantage. The year is the year dummy variable, and ε is other value-relevant information. BPS × ln(efficiency) and EPS × ln(efficiency) are interactive variables that capture the moderating effect of competitive advantage on the value relevance of BES and EPS. Equation (1) includes cross-product terms; therefore, we utilise mean-centred data to alleviate the multicollinearity problem. In equation (1), we can accept our hypothesis if the estimated coefficients of α 4 , α 5 and α 6 are positive and significant.
Data and descriptive statistics
Sample
We consider Korean manufacturing companies for each of the 14 years from 2002 to 2015. The period is divided into pre-crisis (2002-2006), mid-crisis (2007-2009) and post-crisis (2010-2015) periods to test the relationship between competitive advantage and the value relevance of accounting information. Stock price, BPS, EPS, lifecycle descriptors and other financial data needed for measuring efficiency scores were collected from the TS2000 database of the Korea Listed Companies Association. All monetary value items were deflated to 2010 Korean Won using the consumer price index disclosed by the Bank of Korea. Our final full sample consists of 4729 firm-year observations. 
Firm lifecycle stages
Efficiency as a measure of competitive advantage
As described in Section 2.1, we define a firm's competitive advantage as its relative efficiency in converting the performance of key success factors into profitability. In this paper, competitive advantage in this paper is measured using DEA efficiency score. We applied an output-oriented four-input one-output DEA model to each lifecycle stage sample in the period of analysis. Profitability of a firm's strategy is commonly evaluated using ROA; therefore, we select ROA as an output variable. This paper mainly follows Horngren et al. (2012) in choosing input variables (i.e., key success factors), which are operating expense ratio (OE), education and training expense ratio (EDU), inventory turnover (INV) and property, plant and equipment ratio (PPE). The first variable (OE) provides a measure of a firm's cost efficiency. The second variable (EDU) serves as a proxy measure of product quality-management skills, as a large EDU implies that more employees are trained in quality-enhancing techniques. The third and fourth variables (INV and PPE) are selected as proxies of the time-related success factor because larger INV and PPE values signify that firms maintain low inventory and PPE levels, high manufacturing throughput and fast customer-response time. Harsasi and Minrohayati (2017) show that a fast customer-response time is positively related to the achievement of competitive advantage. Proxy variables for innovation are not considered due to the limitations of the available data. Table 3 summarises the regression results. In Panel A of Table 3 , we report the empirical results of estimating equation (1) when the efficiency is AE. We observe that the estimates of α 1 and α 2 are positive and significant for all models (except in the pre-crisis period), indicating that the higher the BPS and EPS, the higher the stock price. These results are consistent with findings of prior studies on the value relevance of accounting information. The estimates of α 4 are significantly positive except during the pre-crisis period, implying that the relative AE in achieving competitive advantage has a positive effect on the stock price of a firm. Therefore, a firm can increase its value by improving the AE in the marketplace. The coefficient estimates on the interaction term of BPS × ln(efficiency) are significantly positive during the pre-and mid-crisis periods and significantly negative during the post-crisis period, suggesting that the efficiency increases (or decreases) the value relevance of BPS for the pre-and mid-crisis periods (or the post-crisis period). The estimated coefficients for the interaction variable of EPS × ln(efficiency) are significantly negative during the pre-crisis period, and significantly positive during the mid-and post-crisis periods, indicating that the efficiency increases the value relevance of EPS during and after the global financial crisis. For the full sample, the efficiency decreases (or increases) the value relevance of BPS (or EPS). It is evident that the role of competitive advantage differs for the normal and crisis periods. Specifically, competitive advantage enhances the value relevance of both BPS and EPS during the crisis period. Panel B of Table 3 reports the regression results when the efficiency is TE. Overall, the empirical results presented in Panel B are similar to those in Panel A. Like the AE, the TE has a negative (or positive) effect on the value relevance of BPS (or EPS). These results imply that competitive advantage devoid of scale effect strengthens the positive relationship between stock price and EPS. To summarise, both AE and TE have positive effects on the stock price of a firm and decrease (or increase) the value relevance of BPS (or EPS).
Regression results
Summary and conclusions
The purpose of this study was to examine the relationship between competitive advantage and the value relevance of accounting information. We also tested how the value relevance of competitive advantage and accounting information differs for normal and crisis situations. The competitive advantage of a firm was evaluated using DEA. Our sample consisted of manufacturing firms listed on the Korean Stock Exchange over the period [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . The primary results are summarised as follows. First, we classified firm-year observations into three lifecycle stages. The relative proportions of firm-year observations classified into the Growth, Mature and Decline stages were 19.56%, 61.41% and 19.03%, respectively. Samples in the Mature stage were far more prevalent than those in the other stages. Second, we measured AE and TE scores adopting the outputoriented four-input one-output DEA model. We calculated the efficiency scores in each of the different lifecycle stages. Third, we tested the effect of the AE and TE on the value relevance of accounting information using the Ohlson model and found that both AE and TE had positive influences on the stock price of a firm and decreased (or increased) the value relevance of BPS (or EPS). During the global financial crisis, AE and TE were positively related to the stock price of a firm. This paper captures a firm's competitive advantage by a single efficiency score and reveals that the efficiency score has a positive impact on firm value. The application of DEA in evaluating a firm's competitive advantage is expected to contribute to current knowledge on strategic management performance and encourage researchers to exploit other frontier methods to explore other areas of interest.
